Background:
The primary purpose of a routine environmental monitoring program, according to Department of Energy (DOE) DOE Order 5484.1 (1) , is to determine whether:
1) facility operations, waste treatment, and control systems have functioned as designed and planned from the standpoint of containment of radioactivity, and
2) the applicable environmental radiation and radioactivity standards and effluent control requirements have been met.
Brookhaven National Laboratory's (BNL) environmental monitoring program is designed and developed to accomplish these two primary objectives. While this annual report follows the recommendations given in DOE/EP-0023, "A Guide for Environmental Radiological Surveillance at U.S. DOE Installations" (2), considerable latitude has been exercised in tailoring the scope and methodology to meet the site's specific environmental monitoring needs. In addition, the Laboratory has extended its environmental surveillance program to include the sampling and analysis of nonradiological pollutants, such as heavy metals and organics. This latter program reflects the growing concern about nonradiological pollutants, particularly with re~ard to the preservation of the quality of the aquifer underlying Long Island (3J.
1.2
Site Characteristics:
Brookhaven National Laboratory is a multidisciplinary scientific research center situated in the geographical center of Suffolk County on Long Island, about 97 km east of New York City. Its location with regard to surrounding communities is shown in Figure 1 . About 1.29 million people live in Suffolk County (4, 5) and about 0.37 million people in Brookhaven Township, within which the Laboratory is situated. The principal nearby population centers are located in shore line communities. Table 1 gives the resident population distribution within 80 km of the BNL site. Though much of the land area within a 16 km radius is either forested or under cultivation, there has been some development of suburban housing in proximity to the Laboratory during the last decade.
The Laboratory site is shown in Figure 2 . It consists of some 2130 hectares (ha), most of which is wooded, except for a developed area of about 655 ha. The site terrain is gently rolling, with elevations varying between 36.6 and 13.3 m above sea level. The land lies on the western rim of the shallow Peconic River watershed, with a principal tributary of the river rising in marshy areas in the northern and eastern sections of the site.
In terms of meteorology, the Laboratory can be characterized as a wellventilated site. In common with most of the eastern seaboard, its prevailing ground level winds are from the southwest during the summer, from the northwest (nl Population data estimated from information supplied by the Long Island Regional Planning Board {4,5}. -- during the winter, and about equally from these two directions during the spring and fall (6) .
Studies of Long Island hydrology and geology (7) (8) (9) in the vicinity of the Laboratory indicate that the uppermost Pleistocene deposits, which are between 31-61 m thick, are generally sandy and highly permeable. Water penetrates them readily and there is little direct run-off into surface streams, except during periods of intense precipitation. The average annual precipitation is 122 cm. However, the annual total for 1981 was only 101.7 cm. About half of this precipitation is lost to the atmosphere through evapotranspiration and the other half percolates to recharge groundwater. The groundwater in the vicinity of the Laboratory moves predominantly in a horizontal direction to the Great South Bay (7). This is modified toward a more easterly direction in the Peconic River watershed portions of the site. The estimated rate of movement at the groundwater surface is about 16 .2 cm d-1 (7).
1.3
Existing Facilities:
A wide variety of scientific programs are conducted at Brookhaven, including research and development in the following areas: 1) the fundamental structure and properties of matter, 2) the interactions of radiation, particles and atoms with other atoms and molecules, 3) the physical, chemical and biological effects of radiation, and of other energy-related environmental pollutants, 4) the production of special radionuclides and their medical applications, 5) energy and nuclear related technology, 6) the asses~ent of energy sources, transmission and uses, including their environmental and health effects.
Among the major scientific facilities operated at the Laboratory to carry ou t the ab ove pro grams are: 1) the High Flux Beam Reactor (HFBR) which is fueled with enriched uranium, moderated and cooled by heavy water, and which operates at a routine power level of 40 MW(th). Modifications to the primary water cooling system have been made to allow the power level to be raised to 60 MW(th) , and operation at this level is anticipated during 1982, we.ll as for special nuclide production, 6) the National Synchrotron Light Source which utilizes a linear accelerator and booster synchrotron as an injection system for two electron storage rings operating at energies of 700 MeV vacuum ultraviolet (VUV) and 2.5 GeV (x-ray) commenced operation during 1981 and will be used for spectroscopy in the VUV ring and for diffraction studies in the x-ray ring, 7) an intersecting storage ring accelerator, "ISABELLE" currently under construction, will be a colliding-beam machine, within which the collision of two proton beams of 400 GeV will make available effective energies up to 800 GeV to facilitate advanced studies in high energy physics. It is anticipated that it will be operational sometime in the 1980' s. 
SUMMARY
The environmental levels of radioactivity and other pollutants found in the vicinity of BNL during 1981 are summarized in this report. As an aid in the interpretation of the data, the amounts of radioactivity and other pollutants released in airborne and liquid effluents from Laboratory facilities to the environment are also indicated.
The environmental data includes external radiation levels; radioactive air particulates; tritium and iodine concentrations; the amounts and concentrations of radioactivity in and the water quality of the stream into which liquid effluents are released; the concentrations of radioactivity in sediments and biota from the stream; the concentrations of radioactivity in and the water quality of ground waters underlying the Laboratory; and concentrations of radioactivity in milk samples obtained in the vicinity of the Laboratory.
External Radiation:
At the boundary of the Laboratory, about 1.0 km northwest of the Alternating Gradient Synchrotron (AGS), the calculated dose due to skyshine (scattered neutron radiation) was about 0.6 mrem a-I, or 0.1% of the Standard. This was too small to be measured. Due to their limited range, the external radiation from the AGS did not produce a measurable additive effect at off-site locations.
Air and Rainfall -Radioactivity:
Other than tritium, there was no indication of BNL radioactive effluents in environmental air and precipitation samples. The largest concentration of tritium in air at the site boundary, 1.3xl0 4 pCi m-3 0.3 x 10-8 j.ICi ml-1 ) was 6.5% of the Radiation Concentration Guide (RCG). However, this concentration, which is the average for the quarter, appears to have been contaminated by some non-environmental source of tritium.
The largest average concentration of tritium in precipitation was at or below the Minimum Detection Limit (MDL) which was 200 pCi 1-1 (2 x 10-7 j.ICi ml-1 ). The MDL represents about 1% of the standard for drinking water.
Air -Nonradioactive:
At the Central Steam Plant, the most recent measurement of the stack emission of air particulates. indicated that the average rate was 0.078 lb/l0 6 Btu. A calculation based on meteorological paramejers indicates that at the site boundary, their concentration was 0.28 j.Ig m-, 0.4% of the yearly average ambient Air Quality Standard. At the site boundary the calculated concentrations of S02 and NO x , resulting from the steam plant operations, were 0.76 x 10-3 ppm, and 5.1 x 10-4 ppm, respectively, which were about 3 and 1% of their respective ambient air quality standards.
Liquid Effluent -Sewage Treatment Plant:
Of the sewage effluent released onto the sand filter beds of the Laboratory sewage treatment plant 80% flowed directly into the Peconic River. The balance was assumed to have percolated into the ground water underlying the beds. The gross beta concentration of the output from them was 26.9 pCi 1-1 (2.69 x 10-8 j.ICi ml-1 ), or < 1% of the Radiation Concentration Guide (RCG). The tritium concentration was 6.0 nCi 1-1 (6.0 x 10-6 j.ICi ml-1 ), or 0.2% of the RCG. The same concentration was assumed for the infiltration into groundwater.
Liquid Effluents -National Pollutant Discharge Elimination System Permit:
Except for 59 daily pH levels which were "out of limit" and a single instance of BOD5 percent removal, all reportable non-radiological parameters of the Laboratory sewage effluent were within the limits set forth in the Laboratory's permit, issued by EPA under the National Pollution Discharge Eli~i nation System. The average water quality of the sewage treatment plant effluent at the point of discharge was at or within water quality standards for the receiving body of water.
Peconic River -On-Site:
Downstream, about 54% of the combined flow from the sand filter beds and from upstream of the Peconic River also percolated into the groundwater. This occurred between the sewage treatment plant outfall and the Laboratory perimeter, mostly during the latter half of the year. At the former site boundary (Station M), the gross beta concentration was 21.4 pCi 1-1 (2.14 x 10-B)lCi ml-~), or 0.4% of the RCG, and the tritium concentration was 5.5 nCi 1-1 (5.5 x 10-)lCi ml-l ), or 0.2% of the RCG. At the site boundary, the gross beta concentration was 23.6 pCi 1-1 (2.36 x 10-B )lCi ml-1 ), or O.B% of the RCG, and the tritium concentration was 5.3 nci 1-1 (5.3 x 10-6 )lCi ml-1 ), or 0.2% of the RCG.
Peconic River -Off-Site:
Bimonthly sampling of the Peconic River water downstream of the sewage treatment plant outfall has indicated a decrease of concentrations of radioactivity. At a location 4.B km downstream, the average gross beta concentration as established by bimonthly "grab" sampling was 4.2 pCi C l (4.2 x 19-9 )lCi ml-l) , or 0.1% yf the RCG and the tritium concentration was 1.9 nCi 1-1 (1. 9 x 10-6 )lCi ml-), or 0.06% of the RCG. About 24 km downstream, at the river's mouth, the average concentration of gross beta activit! being 6.7 gCi C 1 (6.7 x 10-9 )lCi ml-1 ) and that of tritium being 2.2 nCi C (2.2 x 10-)lCi ml-1 ). Based on total flow and activity per unit volume, the total gross beta activity in the river at that location exceeded that at the Laboratory's site boundary. This difference is attributed to the fact that the total flow at the river's mouth is increased due to tributary additions which, in turn, have added fallout radionuclides that were present in the drainage area of the tributaries.
Peconic River -Aquatic Biological Studies:
Seasonal sampling of Peconic River bottom sediments, stream vegetation and fish were conducted at the site boundary. The data on fish obtained from the river at the site boundary suggested the presence of small amounts of radioactivity attributable to the Laboratory's past releases. The maximum concentration of l37 Cs in fish was about 930 pCi kg-I. This concentration would result in a dose commitment that was about 1% of the RCG, based on an assumed ingestion of 50 g of fish per day.
Groundwater -Supply and Process Wells and Recharge Basins:
About 22 million liters of water per day obtained from on-site supply wells were used for Honce through" cooling and returned to groundwater in onsite recharge basins. The concentration of gross beta activity at point of recharge was, on the average, two times ,greater than that of the supply wells, and was less than 8% of the EPA Drinking Water Standard. The tritium concentrations were less than the MOL, which is about 1% of the EPA Drinking Water Standard.
Groundwater -Surveillance Wells:
Groundwater surveillance was conducted in a network of some 100 sampling wells installed adjacent to and downstream from identified areas where there is a potential for the percolation and migration of radioactivity and other contaminants in groundwater. With the aquifer underlying Long Island being classified as a "sole source" it was necessary to apply EP": Drinking Water Standards to all activities concerning groundwater use or recharge.
a. On-Site Wells:
Immediately adjacent to the sand filter beds and to the Peconic River on-site and at the site boundary, gross beta, tritium and 90Sr concentrations have been decreasing, when compared to those observed during previous years. This reflects the decrease in the concentrations due to decay and dilution. They were not more than a few percent of the EPA Drinking Water Standards. The largest average gross alpha concentration, 1.12 pCi 1-1 (1.12 x 10-9 ~ci ml-1 ) was 7.5% of the EPA Drinkin 2 Water Standard for unidentified mixtures containing alpha activity other than 2 6Ra • It was not directly relatabl", to any known Laboratory.ef~luent releas~~.
~e ~argest average gross beta c~n~entration was. 19.8 pCl. 1 1 09.8 x 10 ~Cl. ml 1). The largest average trl.tl.um concen,tratl.on, 6.3 nCi 1-1 (6.3 x 10-6 ~Ci ml-1) was 32% of the EPA Drinking Water Standard.
On-site, adjacent to the Solid Waste Management area, the landfill, the former open dump, and the decontamination facility storm sewer sump, above ambient background concentrations of gross beta activity, 90Sr , and tritium were found in a number of nearby groundwater ~urveillance wells. Much of the gross beta activity appeared to be related to ~OSr.
At the Waste Mana¥ement area, the largest 90 Sr concentration, 31.5 pCi 1-1 (31.5 x 10-9 ~i ml-), or 4 times the EPA Drinking Water Standard, was found in a well 175 m southeast of the area. This level reflects the effects of a known inadvertent injection into groundwater which. occurred in 1960.
At the landfill, a gross alpha concentration of 7.3 pCi 1-1 (7.3 x 10-9 ~Ci ml-l ), or 0.5 times of the EPA Drinking Water Standard, a gross beta concentration of 120 pCi 1-1 (120 x 10-9 ~Ci ml-1 ), or 2.5 times the compliance level based on the EPA Drinking Water Standard, and a tritium concentration of 29 nCi ~-1 (29 x 10-6 ~Ci m~-l) or 1.5 times the EPA Drinking Water Standard, were the largest found. They were found in wells between the landfill and locations 80 m south of the perimeter of the working area.
At the decontamin~tion facility storm sewer sump, a 90Sr concentration of 82 pCi 1-1 (82 x 10-).ICi m1-1 ), 10 times the EPA Drinking Water Standard, was found in a surveillance well within a few meters of the sewer outfall into the sump.
Iron and zinc were found in excess of their respective standards (0.6 and 0.3 ppm for surface waters) in numerous sampling wells on-site. However, this appears to be related to corrosion from the well casings and not to Laboratory effluents, except for a few wells adjacent-to the Landfill. There, the largest concentration of iron was 65 ppm and of zinc, 0.5 ppm.
In all cases, the on-site levels of radioactivity or of other agents which were found in above ambient background in ground water appeared to be confined to within a hundred meters of their or~g~n. They would require decades of travel before reaching the site boundary. Concentrations of radioactivity, and water quality parameters, in ground water from perimeter surveillance wells (other than those adjacent to the Peconic River) were at or near background and only a few percent of the EPA Drinking Water Standards.
b. Off-Site Wells:
Concentrations of gross alpha, gross beta, and 90 Sr radioactivity were found to be slightly higher in a sampling well about 0.35 kID east of the site boundary than in wells at the boundary itself. The gross alpha concentration, 1.25 pCi 1-1 (1.25 x 10-9 ).ICi ml-1 ) was 8% of the EPA Drinking Water Standard. However, this was not directly relatable to any known Laborator 1 effluent. The gross beta concentration war 7.1 pCi 1-1 (7.1 x 10-9 ).1 Ci ml-), and the 90 Sr concentration was 1. 9 pCi 1 -0.9 x 10-9 ).1 Ci mC 1 ). The latter was 24% of the EPA Drinking Water Standard.
Except for pH levels slightly lower than the Water Quality Standard, but within the local natural variation, most other indices of water quality in these surveillance wells were within the standards.
Total Population Dose Resulting from Laboratory Sources:
The collective average dose-equivalent rate (total population dose) attributable to Laboratory sources, for the population up to a distance of 80 km, was calculated to be 1.42 rem a-I (person-rem a-I), as compared to a natural background dose-equivalent rate to the same population of about 313,273 rem a-I (person-rem a-I). Dose-equivalent rates at the site boundary, including natural background (as influenced by fallout) and the increments attributable to Laboratory activity, were routinely measured by the use of CaF2:Dy thermoluminescent dosimeters (TLD) (10) exposed for monthly periods at each of the four perimeter monitoring stations P-2, P-4, P-7, and P-9, the locations of which are shown in Figure 2 .
The observed dose-equivalent rates from external gamma radiation, as measured by TLDs, are given in Table 2 . There was no measurable addition to the natural background attributable to Laboratory activities. The dose-equivalent rate from naturally occurring external background radiation at ~he site perimeter averaged 65.3 mrem a-I. Fluctuations noted over the years Lll) are within the realm of local variations of natural background levels and are regulated to a significant extent by climatic variations (12).
During 1981,21 additional TLDs have been placed at off-site locations for monitoring around the facility. Figure 3 shows the locations of the TLDs with respect to the Laboratory (HFBR Stack, #750 as the center; Figure 2 ). The standard 16 sectors with sector #1 centering on magnetic North has been used to locate the TLDs (13). The dose-equivalent rates observed are given in Table 3 and are comparable with the average background given in Table 2 . Variations observed could be attributed to climatic changes (12) . Additional TLDs will be incorporated in the near future, especially in sectors 3, 4 and 5 ( Figure 3 ). An additional function of those TLDs will be to serve as a benchmark reflecting conditions prior to the start-up of the Shoreham Nuclear Power Station.
Airborne Effluents and Groundleve1 Air Particulates, Tritium and
Rad ioiodine Monitoring:
Facilities and Effluents:
The, principal Laboratory facilities from which radioactive or nonradioactive effluents are released to the atmosphere are listed in Table 4 . Their locations on the Laboratory site are s~own in Figure 2 . The installed on-line effluent monitors, sampling devices, and the types and amounts of effluents released during 1981 are indicated in Table 4 .
Considerable dilution with ambient air occurs between the release points
to the atmosphere and the site boundary. Additionally, radioactive decay decreases the concentrations of shorter lived radionuclides during the transit time between the point of release and the site boundary. Consequently, the concentrations of airborne radioactivity at the site boundary were reduced to levels ~ere no detectable increase in dose-equivalent rate was apparent during
1981.
Oxygen-IS (150), Argon-41 (41Ar) and Xenon-127 (127Xe ) are radioactive gases with relatively short half-lives. Thus, they have the potential of being environmentally significant as sources of increased external radiation only in proximity to the point of release. Oxygen-IS, which has a two minute half-life is produced by the interaction of protons and water in the BLIP facilitI and generated at an estimated rate per unit beam current of 0.21 Ci \lA-1 h-. When this facility is operated at the full beam current of 180 \lA, the 150 equilibrium activity at the point of generation is 1.8 Ci. Argon-41, which has a 110-minute half-life, is produced by the interaction of neutrons and ventilating air in the shield of the Medical Research Reactor and rilefsed from its stack at an estimated per unit power level rate of 1 Ci MW(th)-h-when the reactor is operated at full power of 3 MW(th). Xenon-127, which has a 36.4-day half-life, is produced at the BLIP facility and is processed at the Hot Laboratory for (a) Average of P-2, P-4 and P-7. These monitoring stations are assumed to be unaffected by BNL on-site radiations or effluents. Station P-9 was excluded from the average hecause the station lies on a bed of coal cinders. These cinders contain radium and thorium at concentrations larger than the foundation material used at other perimeter stations thus resulting in a background which is slightly different than the other perimeter (e) Estimated -based on amount of fuel consumed (See Table 6 ). (Table 4) , 300 Ci (46%) were in gaseous form, and 355 Ci (54%) were released as HTO.
A significant increase in amount of tritium released at the Van de Graaff facility was observed during 1981. This was attributed to a decontamination activity conducted at the facility. The slight increase in tritium (as vapor) released from the HFBR resulted principally from purging of the heat exchanger system during facility modifications to increase the pover level from 40 MW(th) to 60 MW(th).
As of March 1981 the Laboratory was granted a permit to incinerate certain categories of waste in the Waste Management Incinerator by the New York State Department of Environmental Conservation. The individual radionuclides, their half-lives and total quantities in the incinerated waste material are
shown in Table 5 . 3H formed the largest in quantity -0.18 ci. Other radionuclides ranged from 148 PCi to 0.006 Ci. Limits on the amount incinerated and meterological dispersion are utilized to assure that airborne concentrations at the site boundary were small fractions of the RCGs.
Most heating requirements for the principal buildings at the Laboratory
are supplied by a central steam plant (Figure 2) . The estimated amounts of conventional pollutants released from its stack" are shown in Table 6 . Those for sulfur dioxide (S02) and nitrogen oxides (NO x ) were estimated from reportep emission factors for comparable plants (14) , supplemented by analyses of the fuel 
The emissions of 602, NO x and particulates have decreased markedly since
1976 when the Laboratory initiated the utilization of alternate liquid fuels (ALF) , such as mineral spirits, alcohol, jet fuel and reconstituted fuels. In 1981, the fraction of ALF relative to total fuel consumption, was 38%. These alternate fuels typically have a weighted average sulfur content of 0.5% or less as compared to the typical 1% sulfur content of #6 oil and therefore contribute to the reduction of pollutants discharged to the atmosphere through the stack. Samples of ALF have been analyzed for cadmium (Cd), lead (Pb) and chlorinated 
Sampling and Analysis:
The Brookhaven environmental air monitoring program is designed to identify and quantify airborne radioactivity attributable to natural sources, to activities remote from the Laboratory (e.g. above ground nuclear weapon tests) and to Laboratory activities. Most of the air concentrations of radioactivity detected during 1981 could be attributable to the first and to a decreasing extent to the second.
Air Samples:
During 1981, positive displacement air pumps (Gast) were operated at a flow rate of 15 £nIin-1 at the monitoring station adjacent to the solid waste management area (S-6), and at the site boundary stations P-2, P-4, P-7 and P-9 (see particulate filter (Gelman type) followed by a 5 cm x 2.5 cm bed of TEDA impregnated charcoal for collection of radiohalogens. A parallel low volume filter system sampler was operated at a flow rate of 56 £ min-i. It .consisted of a 7.6 cm diameter air particulate filter (Gelman type G), followed by a 250 cm 3 TEDA impregnated charcoal filter. The rationale for the latter sampling system is to assure collection of all radioiodine species at a suitable flow rate.
The air particulate samples were counted for gross beta activity using an anti-coincidence proportional counter.
The data are shown in Table 7 . A seasonal trend was observed for gross beta activity in 1981. The gross beta activity was at a maximum at all monitoring stations during the second quarter. This is attributed to the spring exchange between stratosphere and troposphere; which results in an increase in particulate concentrations at this time.
In addition to counting for gross beta activity, analyses for gamma emitting nuclides were performed on a composite of all air particulate samples shortly after the end of each month. The charcoal samples were also composited and were analyzed at one month post-collection to determine 1311 by decay. These data are also reported in Table 7 . Only 137Cs was detectaBle. Other fission product nuclides were below MDL for the counting system used (see Table 20 ). No l31I was detected during 1981, which is consistent with absence of any reported atmospheric nuclear tests during the year.
Sampling for tritium vapor was .performed at each of the air sampling stations by drawing a small side stream of air (~100 em 3 min-I) through silica gel cartridges. These were generally changed on a biweekly basis, Collected vapor was subsequently removed from the gel by heating, then condensed, collected and assayed by liquid scintillation counting. Tritium vapor concentration data obtained during 1981 is shown in Table 8 . The measured yearly average concentration (including background) at the site boundary was 6.2 pCi m-3 (6.2xlO-12 )lCi cm-3 ) or 0.003% of the applicable RCG 0.6).
This reported average concentration does not reflect the anamolous results
indicated by the silica ge~ cartridges operated at the southeast perimeter (p-7) and at the southwest perimeter (P-4) locations during the third and fourth quarters of 1981. Although no plausible mechanism has yet been identified, most of the individual bi-weekly to monthly samples collected from these two locations Perimeter (a) (P-9) shows that eVen using conservative (poorer than average) dispersion factors, improbable quanties of tritium as liquid or vapor would have had to have been released from on-site facilities in order to have produced the indicated concentrations. Not only would the necessary releases have had to have been far in excess of the measured quantities, as indicated in Table 4 , but for some of the indicated sampling periods they would have to have exceeded the total inventory of tritium at the Laboratory. In addition, t he indicated concentrations at the southeast and southwest stations during most of the individual sampling periods far exceed those at the northeast perimeter. This i-s-·contrary to the expected pattern for sustained releases from the central laboratory site, where the principal facilities with a significant inventory of tritium are located, since the northeast station was in theprepondant downwind direction during most: of the sampling intervals in which the anomalous results were obtained.
The current Laboratory environmental monitoring program does not include air sampling for nonradioactive substances. The calculated annual average concentrations at the site boundary of the conventional pollutants released from the central steam plant are listed in Table 6 . All were less than 3% of the EPA Primary Air Quality Standard for the reported constituents (IS).
About 235 kg of various pesticides, chiefly organo-phosphates, Thiodan, Diazinon, Carbaryl and Parathion, were applied on site during 1981, principally to protect crops which were grown for biological research purposes. All of these pesticides are considered biodegradable, with persistence times in the order of a week. Furthermore, they were applied with a "sticker" additive to minimize their subsequently becoming airborne.
Precipitation:
Two pot-type rain collectors, each with a surface area of 0.33 m2, are situated adjacent to the sewage treatment plant (see Fig. 2 ). A routine collection was made from these whenever precipitation was observed during a previous 24 hour (or weekend) period. Part of each collection was evaporated for gross beta counting, a small fraction was composited for monthly tritium analysis 1 and the balance was put through ion exchange columns for subsequent quarterly 9uS r and gamma analyses. The data for 1981 are reported in Table 9 . Besides tritium (as vapor) there was no detectable indication of Laboratory released airborne radioactivity in precipitation collected on site. The gross beta activity reflects rainfall scavenging of radioactive fallout which is most pronounced during March through July. Variation in the deposition of 7Be is dependent upon the interaction of cosmic rays with atmospheric nucleii along with trophospheric/stratospheric mixing and would not parallel radioactive fallout. The trend of l37Cs and 90S r is similar to gross beta activity although the few data points do not clearly demonstrate this.
To obtain an indication of the washout of tr1t1um from local airborne releases, small precipitation collectors were installed at the perimeter stations (P-2, P-4, P-7, P-9), and at Blue Point, some 20 km southwes t of the Laboratory site. The average tritium concentrations were all reduced significantly when compared to previous years (11) and were at or below the MDL (Table 20) . At the MOL, the average concentration (on site) would have been less than 1% of the EPA Drinking Water Standard (17) . Table 20 ).
Liquid Effluent Monitoring:
The basic principle of liquid waste management at the Laboratory is confinement and concentration to minimize the volumes of liquids requiring decontamination prior to on-site release or processing into solid form for off-site burial. Accordingly, liquid wastes are segregated at the point of origin on the basis of their anticipated concentrations of radioactivity or other potentially harmful agents.
Small volumes (up to a few liters) of concentrated liquid wastes containing radioactivity or other hazardous agents are withheld from the Laboratory waste systems. They are stored at their sources of generation in small containers, collected by the Laboratory waste management group, and subsequently packaged for off-site disposal (in the case of hazardous agents, by an EPA licensed contractor).
Facilities which may routinely produce larger volumes (up to several hundred liters) of radioactive or otherwise contaminated waste liquids are provided with dual waste handling systems, one for "active" (D-probably contaminated) and one for "inactive" (F-probably uncontaminated) wastes. As shown in Figure 4 , wastes placed into the "active" or D system are collected in holdup tanks. After sampling and analysis, they are either transferred by installed pipelines or by tank truck to storage tanks adjacent to the Laboratory liquid waste evaporator. At this facility, liquids are concentrated about a hundred fold and ultimately disposed of as solid wastes. If found to be of sufficiently low concentration (1S), D wastes may be routed directly from holdup tanks to the Laboratory sanitary waste system. Subject to the results of analysis, "inactive" wastes are routed directly to the Laboratory sanitary waste systeT' where 'they are mixed with large quantities (approaching 4,000,000 1 d-) of cooling and other ,uncontaminated water routinely produced by diverse Laboratory operations. Sampling and analysis of the waste in facility holdup tanks is done to facilitate waste management; while effluent sampling is performed at the sewage treatment plant to establish the concentration and amounts of environmental releases. The small amounts of low level radioactive waste effluents that may be routinely disposed of by release into the Laboratory sanitary waste system are established by administrative ,limits (IS). Within these limits, individual releases are kept as low as practicable. 
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